Functional differentiation of the Brueckner-theory equations gives a prescription for calculating the effective interaction in a Fermi liquid. The many terms that result from the differentiation are calculated for the liquid-He system using Qstgaard's reaction matrices. He is strongly interacting in the sense that the defect wave-function probability if is large, of the order 0.56. As a result, many of the terms contribute substantially to the total. Of the Landau parameters fo, f~, and zo, only zo is in reasonable agreement with experiment. We parameter fo is too small. This is known to be due in part to the neglect of three-body clusters. We find a small value for f~, implying that the effective mass m is close to one. Larger effective masses could be obtained by treating low-momentum-transfer processes more carefully and by summing higher-order diagrams.
It has recently been shown that most of the effective mass comes from low-energy correlations. ' In this situation, it is more useful to work with particles not dressed with the correlations. Schrieffer and Berk' thereby obtain an expression for the susceptibility which does not use the low-energy contribution to f, .
Naively, one would expect to be able to make a direct association between the Landau-interaction parameters and the Brueckner effective interaction (k,k, i G}k, k, ). It is easy to see that the relationship is actually more complicated' by noting that the prediction of a theory for the Landau parameters is made by substituting the expression for the energy of the theory in Eq. (1).
Thus, only in the Hartree-Fock approximation would there be a direct correspondence between the effective interaction and the two-body force.
When using the Brueckner theory, only the combination of parameters giving the compressibility and sound velocity is straightforward to calculate. This is because the variation is with respect to density, and the density is a natural parameter of the theory, entering via kF, the Fermi momentum.
One simply computes the total energy for various densities and differentiates numerically.
Unfortunately, the other parameters are not so easy to get at by numerical differentiation.
Brueckner estimated f, from the G matrix alone and z, from several of the terms in 8'(E/V)/Bn, sn, . "
In this paper, we shall make a complete diagrammatic expansion of the [ Fig. 1(a) ]. 
In practice, partial waves are calculated separately, giving the partial-wave G matrix
After these equations have been solved self-consistently, the system energy may be calculated as G = fj (kr)V(r)u (r)r'dr. 
The usual set of units for these equations has 'K for E and 'K A for G. Following g)stgaard, we divide by k '/m = 16. 36'K A' so the units become A for C and A ' for E. Landau's dimensionless units are related to these by 2v'/kF -25.0 A.
In the Appendix, we take the functional derivations of (E/V) with respect to particle number. Fig. 1(b) , gives the interaction of two particles via an excitation of the Fermi sea. ' The main physical effect of the graph is to include the interference of a valence particle with a core excitation. Therefore, the graph is mostly repulsive. Physically, there is also an attractive part corresponding to the coherent spatial polarization of the Fermi sea, as in electron screening. 
For the more complicated graphs considered later, it is also convenient to use Racah algebra to recouple the spin from the particle-particle channel to the particle-hole channel. The G matrix by itself has strong components
The t" matrix is given in terms of the particleparticle symmetry; to convert to the particlehole form of the Landau parameters, use definition (2) We also find that f drops to zero in the forward direction. This is a consequence of the asymmetric treatment of the energy denominator:
Although the phase space goes to zero as the momentum transfer decreases, the energy denominator would also vanish with a symmetric treatment and give a finite limit for the contribution of the graph.
In the paramagnon models of Berk and Schrieffer and Doniach and Engelsberg, ' it is just the be-
The hole-hole correlation, Fig. 1(c) , is attractive with the same spin sums as for particleparticle scattering
havior of this process in the forward direction that gives the large effective mass observed at the lowest temperatures.
They calculate the effective mass by summing the graphs of the type shown in Fig. 5(a) and finding the momentum dependence. This is completely equivalent" to calculating the parameter f, with the graphs of type Fig. 5(b) .
In their picture, f is sharply peaked in the forward direction. This gives a repulsive f, and also affects f, so that bf, -bf», . Thus, from Eq.
(3), we see that the compressibility, or equivalently the speed of sound, is not affected by these low-momentum processes.
Because of the great sensitivity of f, to the treatment of low-momentum effects, we also computed the Brueckner-theory graph Fig. 1(b) 
where we have defined sn (k) sa (k) 61 (k) =--, '(2l+1) f dcos8 P (8 ) +(-1) (18) for the moment, the solution is
The physical interpretation of this factor is that the strength of the hole has been renormalized by the possibility of virtual excitation. The integral of the kernel is closely related to the defect wave-function probability of Brandow"
This is the lowest-order probability for a given hole orbit being empty. By considering more graphs than the Brueckner theory yields, Brandow 
This requires SG/Sb, which was obtained numerically from glstgaard's tables and is plotted in Fig. 8 . The results for the integrals are quoted in Table III .
The hole interaction with the approximation Kf(k, k ') = constant is
Numerical values are given in Table IV . The spin symmetric interactioxi is small from the cancellation of the two terms in 4' '. The spin antisymmetric interaction is large, implying that the higher-order graphs [Eq. (A7)] will be important. There are eight terms in the expansion for f that involve the first-order derivative of self-energies.
These terms are shown graphically in Fig. 2 . The first two graphs S1 and S2 involve valence-hole lines, and are easily computed within our previous approximation
where k&, k& &kg and km ) k~. This graph contributes to f,
These expressions include the factor of 2 from Eq. (A7). The second term is just a renormalization of the hole strength in f. Both these graphs give large contributions tabulated in Table V .
The third self-energy graph 83 has a valence-particle line. Defining the probability of a particle orbit being full
Numerically, K+(00} -0.12 when calculated from the definition Eq. (29). This is probably too small; we should have the equality Table III .
It is interesting to note that for very large K«, the net contribution to f from all graphs becomes f =f(a) + -, 'f(&),
i. e. , only the G matrix itself and the core polarization graph contribute when the probability that a hole is empty becomes large.
CONCLUSION
The Brueckner theory of the Landau parameters [Eqs. (1) and (9) 
